Stickwater, a by-product of the fish meal and oil industry, is an aqueous suspension of fish proteins, lipids, and other materials, and also contains soluble nonprotein nitrogen but no carbohydrate. It is usually partially evaporated by heat to a marketable form called "fish solubles," which is sold with an acid preservative as an animal feed supplement. However, fish solubles are only used to a limited extent in feeds, because the lipids of solubles (averages 11%) are relatively prone to oxidative rancidity development. An investigation was undertaken to digest and/or stabilize lipids in stickwater by lipolytic fermentations and, at the same time, to attempt to increase the protein content as single cell protein. Strains of the yeast Candida lipolytica and the yeast like mold Geotrichum candidum were employed for these investigations. Stickwater fermentations were performed in a laboratory bench top fermentor. Respirometric studies of lipid metabolic activity and microbial observations were periodically performed during these fermentations. Rapid microbial growth and metabolic activity were observed in well aerated cultures. Fermented products were evaluated for chemical composition. Lipid residues were characterized by thin-layer chromatographic procedures. There was evidence of abundant microbial growth, increased lipolytic activity, and decreased lipid content. However, evidence was lacking to show that the protein content of stickwater was actually increased.
Stickwater, a by-product of the fish meal and oil industry, is the aqueous portion remaining after free oil has been removed by centrifugation of the press liquor and contains fish proteins, nonprotein nitrogen, minerals, residual lipid, and other materials. Stickwater is usually acidified with H2SO4 to a pH of approximately 5 or less and evaporated to a 1:1 (watersolids) slurry called "fish solubles." The characteristics of fish solubles, often used as a feed supplement, have been described by Soares et al. (9) . The high content of unsaturated lipids in fish solubles makes them undesirable for extensive storage and limits their use in animal feeds due to oxidative rancidity development.
The background of this project is associated with the National Marine Fisheries Service's interest in developing fish protein concentrate from fatty fish by biological methods. The lipolytic fermentation of Atlantic menhaden (Brevoortia tyrannus) was described by Burkholder et al. (5) . A. Chu (Ph.D. thesis, Columbia Univ., New York, 1969) described his research on the physiology and lipid metabolism of Geo-' Southeast Utilization Research Center report CP-322. 2 Present address: Puget Sound Blood Center, Seattle, Wash. 98104. trichum candidum and other lipolytic yeasts used in this fish fermentation project.
The research work performed by the Columbia University group suggested to us that lipolytic yeasts might be used to develop single cell proteins from fish lipids. Lipolytic yeasts could also be used to reduce the amount of undesired residual lipid in fishery by-products, such as stickwater, and to produce single cell proteins at the same time. We proceeded to investigate these possibilities at the National Marine Fisheries Service Laboratory (J. H. Green, S. L.
Paskell, and D. Goldmintz, Intl. Congr. Mi Stickwater media preparation. The stickwater medium used for all work described below was prepared from the same lot of Atlantic menhaden solubles (Brunswick Navigation, Inc., Beaufort, N.C.) by reconstituting with distilled water (1:5), adding 1 g of KH2PO4 per liter, and neutralizing with 6 N KOH or 6 NH3PO4 to pH 4.5. A 200-ml portion was placed into a 1.5-liter flask, sterilized, and used to grow the final inoculum. A 9-liter portion was placed into three or four 4-liter aspirator bottles or 3-liter flasks and sterilized (121 C, 45 min). This latter portion was aseptically added to a sterile 14-liter fermentor tank of a lab bench-scale fermentor system (Fermentation Design, Inc., Allentown, Pa.).
Inoculum. The inoculum for each fermentation was started by transferring the desired strain from a fresh agar slant culture into a 250-ml flask containing 100 ml of a medium consisting of 1% peptone (Difco) in 0.85 M phosphate buffer (pH 7.0) plus 10 ml of a 5% oleic acid in a 5% gum arabic emulsion. The flask was placed on a shaker at room temperature for 24 h. From this starter culture 10 ml was transferred to 200 ml of stickwater medium and placed on the shaker for 24 h. The entire 200 ml was used to inoculate the 9 liters of stickwater medium in the fermentor jar.
Shake-flask culture methods. The fermentation of stickwater medium in shake-flask cultures used methods similar to those described by A. Chu (Ph.D. thesis, Columbia Univ., New York, 1969). We used a reciprocal shaker (box carrier type, Arthur H. Thomas Co.) adjusted to 120 rpm and set into a BOD (Hotpack, Philadelphia, Pa.) at 25 C.
Fermentation and controls. Fermentation was maintained for 48 h with an air flow rate of 1,000 cm:'/min, coupled with maximum obtainable agitation (800 rpm.). The temperature was controlled to 25 C. It was necessary to add a silicone-based antifoam (F.G.-10, Dow Corning Corp., Midland, Mich.). At the end of 48 h the fermentation was stopped, and the fermented stickwater was pasteurized in situ at 80 to 85 C for 2 h.
The source, preparation, and treatment of stickwater and samples were maintained constant throughout these experiments so that observed differences could be ascribed to the growth rates and metabolism of the various lipolytic microorganisms employed. Comparisons of fermented stickwater were made to a sterile stickwater control that had undergone the same preparation and treatment but without the inoculation of microorganisms.
Sampling procedures. Samples were periodically removed by aseptic technique for microscopic and respirometric examination. At the end of each fermentation experiment, including the control, the pasteurized slurry was removed, placed in shallow pans, and freeze dried, and portions of the freezedried material were removed for chemical analysis.
Viable plate counts using potato dextrose agar (pH 5.6) and microscopic observations of wet mounts were made periodically on all fermentation experiments.
For G. candidum strains, an initial 1:10 dilution in a blank test tube was vigorously agitated on a Vortex mixer for 30 s to break up multiple-cell mycelia prior to subsequent dilution and plating.
Respirometric methods. A differential respirometer (Gilson Medical Electronics Inc., Middleton, Wis.) was used, and the following simple manometric procedure was employed. The center well of a Warburg reaction vessel was filled with 0.2 ml of 6 N KOH plus a thin-folded filter paper strip (approximately 6 by 50 mm) as a wick to remove CO2 from the cup's atmosphere. Fermenting stickwater was placed in the cup of the vessel. To the vessel sac was added either 0.3 ml of 5% oleic acid in a 5% gum arabic aqueous emulsion for exogenous or 0.3 ml of distilled water for endogenous reactions, respectively. Paired vessels were used and averaged for each reading; reactions were run at 30 C with maximum possible shaking. Volume changes were read directly from the respirometer's volumometers and then corrected later for atmospheric conditions according to the manufacturer's directions.
Chemical analysis. Unless otherwise stated, current procedures described by the Association of Official Agricultural Chemists (AOAC) (3) were used. Glyceride analysis by thin-layer chromatography. To obtain the stickwater glycerides from each fermented or control freeze-dried sample, a 5-g portion was extracted twice with 25-ml volumes of CHClI:, dried over anhydrous Na2SO4, and filtered, and the extract was stored in glass-stoppered flasks at 4 C. The resulting 10:1 (vol/w) extract was 
RESULTS
In preliminary studies on the stickwater fermentation process using a 14-liter fermentor, it was observed that for the same air flow rate more cells were produced by rapid rather than by slow agitation. It was also observed that more viable cells were produced and at a faster growth rate than in our previous experience with shake-flask culture methods; a typical comparison appears in Fig. 1 . It is evident that aeration is important in growth of these lipolytic microorganisms. Hence, the high agitation rate, coupled with the high air input, was used for all fermentations.
Microscopic observations of both shake and aerated fermentor cultures were made periodically. In G. candidum cultures, transformation from multiple-cell mycelia to Expressed as percentage of Kjeldahl N reported (Table 2) for the sample.
protein (Kjeldahl N x 6.25) and ash of the fermented samples, compared to the control, is probably due to loss of solids by the metabolic conversion of some of the lipid to CO2 and H20 (Table 2) . Preliminary experiments indicated that G. candidum and C. lipolytica are capable of utilizing urea or ammonia as the nitrogen source for cell growth. The G. candidum strains are not proteolytic (A. Chu, Ph.D. thesis, Columbia Univ., New York, 1969), but the C. lipolytica strains are capable of proteolysis after 24 to 48 h of culture (1) . The major source of nitrogen for cell growth is conceivably some form of nonprotein nitrogen. The data in Table 2 do not show significant differences in NH3/NH4+, NO3/NO2, or nonprotein nitrogen to indicate the source of nitrogen utilized.
The amino acid analysis shown in Table 3 does not show significant increases in lysine or methionine, which are important essential amino acids. However, the summation of the total percentage of amino acids over Kjeldahldetermined protein indicates a trend for a higher percentage of amino acids in the fermented samples than in the control. The other purpose of our investigation, the reduction of lipids, is evident from the data in the last two columns of Table 2 . It is evident from this data that total lipids are reduced by about half or more and that ether-soluble lipids are greatly reduced by comparison to the unfermented stickwater. In subtracting the ether lipids from the respective total lipids, it can be seen that some of the non-ether-soluble lipids have apparently been utilized during fermenta- by thin-layer chromatography ( Fig. 2 and 3) . The silicic acid chromatograms (Fig. 2) show that the fermentation control contains a large amount of triglycerides (top spot on mono-and diolein and trilinolein control spot), a fair amount of mono-and diglycerides (not clearly separated into distinct zones), and free fatty acids (compared to oleic acid spot). The extractions of the fermentations contained only faint traces of mono-, di-, and triglycerides but did contain a moderate to large amount offree fatty acids. The silica gel chromatogram (Fig. 3) reconfirmed the above observations and provides a clearer picture of the mono-and diglyceride separations. Because the control trilinolein is tangent to the solvent front, it would be difficult to compare triglycerides in this chromatogram. However, all of the fermented samples display only faint zones in the triglyceride (solvent front) area.
In the chromatograms, the fermented samples represent more concentrated spots (6-Al application of extract) than the fermentation control spots (2-1l application). When the individual chromatograms were subjected to densitometer readings and corrected for dilution factors, quantitation of residual glycerides was made (Table 4) lipids (Tables 2 and 4 ; Fig. 2 and 3 ). Increase in cell populations is also evident from growth curve studies and microscopic observations (Fig. 1 ).
There is a lack of positive evidence for an increase in protein. The increases in protein seen in Table 2 could be explained by a reduction in solid, e.g., lipid, content. There appears to be a trend of increased amino acids in the fermented stickwater compared to the control (Table 3) . Unfortunately, the amino acid taurine was not quantitatively identified in the amino acid chromatograph analysis for G. candidum strain no. 179 and C. lipolytica strain no. 60 
